Emergency Diesel Generator

Diesel Generators as Emergency Power Sources

1. DIESEL GENERATORS AS
EMERGENCY POWER SOURCES

Learning Objectives

The predominant means of supplying
onsite emergency (standby) electrical
power for nuclear power plants is the use of
emergency diesel generators (EDG's).
Therefore, diesel generator sets are the
specific focus of this NRC training course.
Upon completing this lesson students will
understand the fundamental criteria used in
selection of emergency diesel generators
for onsite electric power supplies at nuclear
power plants (NPP's). That will include an
overview of the primary applicable federal
regulations, regulatory guides, codes, and
industry standards.

In addition, this lesson will conclude with a
summary overview of the EDG and its
associated systems and components, as
well as remarks on how they interface with
site facilities. For the EDG to be capable of
performing its design basis function, all of
its on-skid and off-skid support systems
and components must also meet their own
design basis functional requirements.

The primary objective of this lesson is to
set the stage for later Chapters by giving
students a fundamental understanding of:

1. The basic regulatory requirements
establishing the need for redundant
power systems (onsite and offsite) for
operating nuclear power plants.

2. Three fundamental performance
requirements that emergency diesel
generators (EDG's) must meet.

3. Why diesel engines are used as the
prime movers for emergency power
generators instead of alternative
engine designs.

4. An overview of the regulations, codes,
guides, and standards that establish
the design basis for these emergency
power systems.

5. How the above documents are
translated into the licensee's
application and design for a nuclear
power station.

6. The major components of a diesel
generator system, as well as some
considerations involving site facilities
that support EDG operation.

NOTE: Many participants in this course will
already be very familiar with the regulatory
criteria applicable to EDG's. However, the
NRC requires such documentation to be
part of the course because some attendees
may be relatively new on the job. Even
those with considerable experience may
benefit from a brief review of the underlying
documentation. This Chapter provides an
overview of the fundamental requirements
relevant to EDG's in nuclear service. For
both new and experienced staff it can serve
as a convenient reference.

1.1 Regulatory Basis for Redundant,
Independent Power Systems

Federal regulations applicable to nuclear
power plants, and hence onsite emergency
power supplies, originate in Title 10, Part
50 of the Code of Federal Regulations (10
CFR 50). This document is the successor
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to the Atomic Energy Commission (AEC)
General Design Criteria of 10 July 1967, to
which many early Nuclear Power Plants,
meaning those starting construction prior to
1972, were licensed. Supporting regulatory
guides, codes, and industry standards used
to implement these federal regulations are
briefly described in this Chapter.

One of the most important nuclear power
plant safety requirements is for redundant,
and independent, power systems. This is
contained in 10 CFR 50 Appendix A,
General Design Criterion (GDC) 17, which
specifically requires both off-site and onsite
power systems "to permit functioning of
structures, systems, and components
important to safety."

GDC 17 further states that onsite electric
power supplies, including the distribution

safety functions assuming a single failure.
This requires emergency power systems to
be designed such that failure of one will not
adversely impact the other (more about that
later). Each electric power source must be
capable of providing the capacity and
capability to assure that:

1. "Fuel design limits and design conditions
of the reactor coolant pressure boundary
are not exceeded" for any anticipated
occurrences, and

2. The "core is cooled and containment
integrity and other vital functions are
maintained in the event of postulated
accidents."

A Loss of Offsite Power (LOOP) event is

one "postulated" accident but regulations
require much more complex scenarios to
be considered in selecting EDG systems.

Independence is the absence of shared
components that could result in the
simultaneous failure of both units. That
includes physical and electrical separation,
such that a transformer or cable tray fire,
for example, would not impact operation of
the other emergency diesel generator.

Redundancy is required to achieve the
desired operational reliability, and also to
accommodate "down time" for testing and
maintenance. This means a dual EDG
installation, where the required power is
available with either unit out of service.

Testability is somewhat self-explanatory.
EDG testing is discussed in a later Chapter.

1.2 Regulatory Guide (RG) 1.9 sets the
Three Fundamental Performance
Requirements for EDG's

Regulatory Guide 1.9, Rev 4 (March 2007)
is "Application and Testing of Safety-
Related Diesel Generators in Nuclear
Power Plants" (new title for this edition) and
evolved from AEC Safety Guide 9. A copy
___________________________ It establishes the three
fundamental performance requirements every
EDG must meet to perform its design function.
They are as follows:

1. The unit must be able to "...start and
accelerate a number of large motor
loads in rapid succession while main-
taining voltage and frequency within
acceptable limits...."
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2. The unit must also be able to "...provide
power promptly to engineered safety
features if a loss of offsite power and an
accident occur during the same time
period...."

3. The unit must "..supply power
continuously to the equipment needed
to maintain the plant in a safe

condition...."

A later chapter will cover the challenge of
complying with the first of these three
performance requirements (EDG loading).
Item (2) immediately above introduces the
requirement to cope with {wo events
(failures / accidents) that occur either
simultaneously or with one following the
endurance time. "Continuously" is open-
ended and effectively means "until normal

power is restored" (however long it takes).
1.3 Why DIESEL Generators?

There is no requirement that emergency
diesel generators must be used for onsite
electric power supplies at nuclear power
plants. Hence, a natural question could be,
why have diesel generators been selected
as the predominant means of supplying this
power? Some other potential sources that
could have been selected are:

e Gas Engine Generators

e Gas Turbine Generators

e Steam Turbine generators
e Hydro Generators

The answer to “why diesel generators” can
usually be found by looking at the time
requirement set for the onsite emergency

power source to be “ready to accept loads”
following loss of offsite power. So, two
fundamental questions asked in the
selection of the emergency onsite power
source are:

1. Based on the plant-specific accident
analysis, how fast must electrical power
be restored to support Emergency Core
Cooling System (ECCS) operation to
prevent core damage (i.e., to keep from
exceeding peak fuel clad temperature)?
Stated another way, how soon must the
emergency electrical source be running
with breaker closed, ready to accept the
required step loads? By analysis, many
of the reactor designs required power to
be available within 15 to 30 seconds
after receiving a start signal. Although
this time included the inherent delay for
protective circuits to sense the loss of
power and initiate a start signal to the
emergency power source, the bulk of it
represented the start-up time necessary
to spin up the generator, energize its
field, and get it switched on line.

________________ NOTE: In some plants where
nuclear fuel upgrades have been
implemented and new core damage
accident analysis calculations performed,
they have frequently supported a
corresponding increase in the delay time
for emergency generator availability.
However, it was not unusual to have the
containment integrity support systems (e.g.
Containment Spray System) become the
new limiting consideration.
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2. Once the accident analysis has set the
time limitations on restoration of power
to vital safety equipment, the only
remaining question is what power
supplies are readily available that could
reliably supply the needed power within
those time limitations?

With the exception of large gas engines,
which have other onsite energy availability
and safety concerns, none of the sources
listed above could reliably match the
required response time and output power
as well as diesel generators could. To use
a football analogy, they have the muscle to
do the job and the speed to get there in
time. Furthermore, diesel generators were
readily available and their proven reliability
had already gained them acceptance as
emergency power supplies under the Naval
Reactors program.

Therefore, although other factors such as
site location and engine type familiarity had
some influence, the answers to the two
questions above ultimately decided the
question of what type of generators to use
for NPP applications. Fundamentally, the
decision became “what diesel generators
will best fill our emergency power needs?"

1.4 An Overview of EDG Regulations,
Guides, Codes, and Standards

1.4.1 Early Plants Licensed under AEC
General Design Criteria (i.e., those
starting construction before 1972)

The primary design criteria applicable from
early AEC regulatory requirements...those
still being the GDC of record at many older
nuclear power plants...are as follows:

Criterion 38: Reliability and Testability
of Engineered Safety Features. All

engineered safety features shall be
designed to provide high functional
reliability and ready testability. In

determining the suitability of a facility for
proposed site, the degree of reliance upon
the acceptance of the inherent and
engineered safety afforded by the system,
including the engineered safety features,
will be influenced by the known and the
demonstrated performance capability and
reliability of the systems, and by the extent
to which the operability of such systems
can be tested and inspected where
appropriate during the life of the plant.

Criterion 39: Emergency Power for
Engineered Safety Features. Alternate
power systems shall be provided and
designed with adequate independency
(independence), redundancy, capacity, and
testability to permit the functioning required
of the engineered safety features. As a
minimum, the onsite power system and the
offsite  power system shall each,
independently, provide this capacity
assuming a failure of a single active
component in each power system.

Criterion 48: Testing of Operational
Sequence of Emergency Core Cooling
Systems. A capability shall be provided to
test under conditions as close to design as
practical the full operational sequence that
would bring the emergency core cooling
systems into action, including the transfer
to alternate power sources.

Even the casual reader will note the close
similarity between Criterions 38, 39, 48 and
parts of 10 CFR 50 Appendix A, GDC 17.
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The AEC had other GDC's which formed
the basis for those currently appearing in
10 CFR 50 Appendix A. Likewise, AEC
Safety Guides that were used to interpret
and implement those early design criteria
became the foundation for current NRC
Regulatory Guides. Some early NPP's
have voluntarily adopted portions of current
requirements applicable to EDG's, such as
IEEE 387 (discussed later). Therefore, no
further time will be spent on early criteria.

1.4.2 Plants Licensed by NRC using the
GDC of 10 CFR 50 Appendix A
(construction began 1972 or later)

As explained in Section 1.1, the 10 CFR 50
Appendix A General Design Criteria are
the successor documents to AEC GDC's.
Those listed below provide primary design
criteria for EDG's. Some others that have
relevant secondary criteria such as for the
physical plant design will not be described
(e.g., GDC 2, 4, 5, and 50).

Criterion 17: "Electrical Power Systems"
To recap the previous discussions on page
1-2, GDC 17 states the fundamental safety
mission for on-site (and off-site) electrical
systems, as well as the key attributes of
independence, redundancy, and testability.

Criterion 18: "Inspection and Testing of
Electrical Power Systems" Electric
power systems important to safety shall be
designed to permit appropriate periodic
inspection and testing of important areas
and features, such as wiring, insulation,
connections, and switchboards, to assess
the continuity of the systems and the
condition of their components. The
systems shall be designed with a capability

to test periodically (1) the operability and
functional performance of the components
of the systems, such as onsite power
sources, relays, switches, and buses, and
(2) the operability of the systems as a
whole and, under conditions as close to
design as practical, the full operation
sequence that brings the systems into
operation, including operation of applicable
portions of the protection system, and the
transfer of power among the nuclear power
unit, the offsite power system, and the
onsite power system.

Criterion 33, 34, 35, 38, 41, and 44:
Establish the criteria for specific safety
systems to be able to perform their required
functions even assuming a Loss of Offsite
source of onsite power (e.g. one EDG Train
or Division).

1.4.3 "Top Level” NRC Regulations that
Pertain to NPP Licensing, Construction,
Commissioning, and Operation:

e 10 CFR 50.10 - License required.

e 10 CFR 50.23 - Construction permits.
A permit for the construction of a
production or utilization facility will be
issued prior to the issuance of a license
if the application is otherwise
acceptable, and will be converted upon
due completion of the facility and
Commission action into a license as
provided in 50.56 of this part.

e 10 CFR 50.34 — Details the contents of
applications; technical information. For
purposes of this course, the following
excerpts from this document are of
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particular significance to EDG selection:

"(a) Preliminary safety analysis report.
Each application for a construction
permit shall include a preliminary safety
analysis report. ...(3) The preliminary
design of the facility including:

(i) The principal design criteria for the
facility. Appendix A, General Design
Criteria for Nuclear Power Plants,
establishes minimum requirements for
the principal design criteria for water-
cooled nuclear power plants similar in
design and location to plants for which
construction permits have previously
been issued by the Commission and
provides guidance to applicants for
construction permits in establishing
principal design criteria for other types
of nuclear power units;

(ii) The design bases and the relation of
the design bases to the principal design
criteria;

(iii) Information relative to materials of
construction, general arrangement, and
approximate dimensions, sufficient to
provide reasonable assurance that the
final design will conform to the design
bases with adequate margin for
safety..."

"(b) Final safety analysis report. Each
application for a license to operate a
facility shall include a final safety
analysis report. The final safety analysis
report shall include information that
describes the facility, presents the
design bases and the limits on its
operation, and presents a safety
analysis of the structures, systems, and
components and of the facility as a
whole..."

10 CFR 50.36 — This document covers
technical specifications intended to
define safety system limiting conditions
for operation that may prevent design
and license safety function. More about
this topic appears later in the Chapter,
under Regulatory Guides 1.93, 1.156.

10 CFR 50.54 - Conditions of licenses.

10 CFR 50.55a — Codes and standards.
"Each operating license for a boiling or
pressurized water-cooled nuclear power
facility is subject to the conditions in
paragraphs (f)* and (g)* of this section
and each construction permit for a
utilization facility is subject to the
following conditions in addition to those
specified in §50.55:

"(a)(1) Structures, systems, and
components must be designed,
fabricated, erected, constructed, tested,
and inspected to quality standards
commensurate with the importance of
the safety function to be performed...."

* NOTE: Items (f) and (g) above refer to
In-service inspection requirements.

10 CFR 50.56 - Conversion of
construction permit to license; or
amendment of license. Upon
completion of the construction or
alteration of a facility, in compliance with
the terms and conditions of the
construction permit and subject to any
necessary testing of the facility for
health or safety purposes, the
Commission will, in the absence of good
cause shown to the contrary issue a
license of the class for which the
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construction permit was issued or an
appropriate amendment of the license,
as the case may be.

e 10 CFR 50.57 - Issuance of operating
license.

e 10 CFR 50.63 — Loss of All Alternating
Current Power (Station Blackout). This
is an additional source of functional
regulatory requirements involving
Emergency Diesel Generators. Target
EDG reliability is used to determine
station blackout coping capability.

e 10 CFR 50 Appendix A, General
Design Criteria. — Previously discussed
in this Chapter. See Section 1.1, etc.

1.5 Implementation of these Criteria
into Site-Specific System Design

1.5.1 Overview of Primary Regulatory
Guides and Referenced Standards
Used to Implement Design Criteria

For early nuclear plants licensed under
AEC General Design Criteria the applicable
design requirements were implemented via
the AEC's Safety Guides. With transition of
the criteria to 10 CFR 50, Appendix A, the
NRC's Regulatory Guides (RG's) became
the means to implement requirements into
NPP design.

Under both of these regimes, codes and
standards developed by industry groups or
national organizations (e.g., ANSI, IEEE,
NFPA, etc.) were incorporated into the
regulations. This training course provides
just an overview of the more important
documents relevant to EDG's.

¢ Regulatory Guide 1.6 — "Independence
Between Redundant Standby (Onsite)
Power Sources and Between Their
Distribution Systems," (Formerly Safety
Guide 6). Each power supply (e.g.
EDG) shall have the "...capability of
performing as a redundant unit of a
standby power supply."  Therefore,
mechanically and electrically, the
Emergency Diesel Generator must be
able to operate during and after any
design basis event without support from
a preferred power source.

e Regulatory Guide 1.9 - "Selection,
Design, Qualification, and Testing of
Emergency Diesel Generator Units
Used as Class 1E Onsite Electric Power
Systems at Nuclear Power Plants,"
(formerly AEC Safety Guide 9). RG 1.9,
Rev 4 (March, 2007) was introduced in
1.2 of this Chapter and gave three
fundamental performance requirements
for EDG's. It incorporates portions of
GDC 17 - Electric Power Systems, and
GDC 18 - Inspection and Testing of
Electrical Power Systems. RG 1.9 also
invokes the following IEEE documents:

e |EEE 308 — "Standard Criteria for Class
1E Power Systems for Nuclear Power
Generating Stations.” In practice,
Section 6.2.4, "Standby Power
Supplies," of the IEEE 308 standard is
implemented through |IEEE 387.

e |EEE 387 (1972, 1977, 1984, 1995) —
"IEEE Standard Criteria for Diesel-
Generator Units Applied as Standby
Power Supplies for Nuclear Power
Generating Stations." The parent
standard to IEEE 387-1995 (and 1984)
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is IEEE Standard 308-1980. I|EEE 387

¢ Regulatory Guide 1.32 — "Criteria for
expands on IEEE 308, Section 6.2.4, Safety-Related Electric Power Systems
"Standby Power Supplies" with respect for Nuclear Power Plants." RG 1.32
to application of diesel generator units. seeks to implement compliance with
portions of the following document:
This standard provides many amplifying
and supplemental details, in conjunction e GDC 17 — Electric Power Systems.
with Regulatory Guide 1.9, regarding
the design, testing, and qualification of o |EEE 308 — "Standard Criteria for Class
Emergency Diesel Generators used in 1E Power Systems for Nuclear Power
nuclear applications. Not all plants are Generating Stations." Invoked by RG
committed to use IEEE 387, especially 1.32, this Standard specifies capabilities
those licensed. prior to 1972. |EEE 387 of a Standby Power Supply (e.g. EDG)
also endorses several other codes and to serve as an independent / redundant
standards including the Diesel Engine unit (or Train or Division) of power.
Manufacturers Association (DEMA) guide
“Standard Practices for Low and o Regulatory Guide 1.75 — "Physical
Medium Speed Stationary Diesel and Independence of Electric Systems."
Gas Engines,” last revised in 1972. Deals more with the physical than
DEMA is no longer an active association functional independence or separation
but its guidelines are still relevant to the between classes and Trains or
design criteria applied to EDGs installed Divisions. The criteria are intended to
at most US nuclear power plants. Post- ensure adequate independence through
1977 versions of the IEEE 387 standard physical separation and barriers to
also outline criteria for initial EDG “first assure continued function under all
unit” qualification tests for NPP service. postulated plant events. RG 1.75 also
These will be discussed in Chapter 11. invokes the following Standards:
NOTE: |EEE 387-1995 gives the design e |IEEE 384 - "Standard Criteria for
basis for nuclear service EDG's as 4000 Independence of Class 1E Equipment
starts.and 6000 operating hours, over a and Circuits.”
specified service life of 40 years. Such
intermittent_duty_is_very different from e Regulatory Guide 1.93 — "Availability
typical commercial service! This course of Electric Power Sources." RG 1.93
will_point.out_the. profound. impact that provides guidance for the application of
has_on EDG maintenance and testing, 10.. CFR . 50.36 _(above), . particularly
as.well.as.some desian. implications.. A section 50.36(c)(2). "Limiting Conditions
copy.of IEEE 387:1935 is Appendix 3. for Operation.” (LCO). when. less. than
the number_ of power. supplies._ required
IEEE 323 - "Standard for Qualifying by GDC 17 are available.
Class 1E Equipment for Nuclear Power
Generating Stations." ¢ Regulatory Guide 1.108 — "Periodic
Rev 1/11 1-8 of 12 USNRC HRTD
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Testing of Diesel Generator Units Used
as Onsite Electric Power Systems at
Nuclear Power Plants."

NOTE: Some of the early design plants
previously committed to Regulatory
Guide 1.108 only adopted portions of
Regulatory Guide 1.9.

¢ Regulatory Guide 1.137 - "Fuel-Oil
Systems for Standby Diesel
Generators." RG 1.137 also seeks to
implement compliance with portions of
GDC 17, Electric Power Systems
(above), and it endorses the following
standard for regulatory compliance.

e ANSI N195 / ANS 59.51 — "Fuel QOil

Systems for Emergency Diesel
Generators."
¢ Regulatory Guide 1.155 - "Station

Blackout." This Guide seeks to
implement compliance with all of:

e 10 CFR 50.63, "Loss of all Alternating
Current Power."...The specified station
blackout duration shall be based on the
following factors:

"(i) The redundancy of the onsite
emergency ac power sources;
(i) The reliability of the
emergency ac power sources;..."

onsite

RG 1.155 also invokes NUMARC 8700:
Guidlines and Technical Bases for
NUMARC Initiatives Addressing Station
Blackout at Light Water Reactors.

1.5.2 Licensee's Implementation of
EDG System Design Criteria

It should be evident the criteria for design
have evolved and what is applicable to a
specific plant depends to a large extent on
the time frame in which it was constructed
and licensed. Licensees take whatever
documents are applicable at the time their

their plant-specific design and operations.
The resulting EDG documents include:

System drawings and isometrics
System specifications
Equipment specification
Purchase specifications
Installation and Test Criteria

The design criteria which were applied to
the plant are typically listed or referenced in
the licensee design and equipment
specifications and the Final safety Analysis
Report / Updated Final Safety Analysis
Report (FSAR / UFSAR).

Highlights of Licensee FSAR / UFSAR:

e FSAR/UFSAR Chapter 1, Plant
(Design) Description: Typically
outlines the design criteria applicable to
the plant design, construction, and
operation. NOTE: Subsequent updates
of regulatory criteria may be difficult, or
impractical, for a licensee to back-fit.

The licensee’s Final Safety Analysis
Report or Updated Final Safety Analysis
Report (FSAR/ UFSAR) will document
the regulatory requirements followed in
their licensing process.
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e FSAR/UFSAR Chapter 8, Section
8.3(4), Onsite Emergency (AC) Power
Systems: The bulk of the plant-specific
design criteria applied by the licensee to
the EDGs is typically included here.

e FSAR/UFSAR Chapter 9, Plant
Auxiliary Systems: Typically includes
design criteria for many of the major
EDG support systems such as Fuel Oil,
Jacket Water, Lube oil, and Starting Air.

All licensees were required to develop plant
Technical Specifications that prescribe
plant Limiting Conditions of Operation
(LCO’s) for required safety systems. As
outlined in 10 CFR 50.36, "...The technical
specifications will be derived from the
analyses and evaluation included in the
safety analysis report, and amendments
thereto, submitted pursuant to 50.34.... (¢)
Technical specifications will include items
in the following categories:

(1) Safety limits, limiting safety system
settings, and limiting control settings.
()(A) Safety limits for nuclear reactors are
limits upon important process variables that
are found to be necessary to reasonably
protect the integrity of certain of the
physical barriers that guard against the
uncontrolled release of radioactivity. If any
safety limit is exceeded, the reactor
must be shut down...."

The following are key typical Technical
Specifications which apply to EDGs:

3/4.8: Electrical Power Systems
3/4.8.1: AC Sources - Operating
3 /4 .8.2: AC Sources - Shutdown

Additional limiting requirements for the
availability of Emergency Power supplies
are contained within the Technical
Specifications for the supported safety
systems. These Technical Specifications
typically identify the plant mode and
required number of available Trains or
Divisions of that safety system. Regulatory
Guide 1.93 (see previous) should be
referenced to assist with determining
implementation and compliance with

Electric Power Technical Specification
LCO’s, including Emergency Diesel
Generators.

e FSAR/USFAR Chapter 14, Accident
(Safety) Analysis: The following
constitute a few of the generic plant
design basis events or accidents where
Emergency Diesel generators are
required to mitigate the resulting effects:

due to large or small break Loss of
Coolant Accident, with a concurrent or
subsequent Loss of Offsite (preferred)
Power (LOCA / LOOP or SI / LOOP).

NOTE: Many plants were originally
designed for a LOCA with a concurrent
LOOP in such a manner that other
scenarios may not have been
adequately addressed. Be aware of
associated issues contained within IN
93-17 and Tl 2515/176 regarding LOCA
with a subsequent LOOP, and LOOP
with subsequent LOCA.

normal and preferred electric power to
station auxiliaries.
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NOTE: Issues have previously been
identified where actual monitoring for
loss of offsite power was not being
performed at the 4KV class 1E buses.
This presents scenarios where the 4KV
bus may become disconnected from the
offsite (preferred) source (i.e. loss
power), with no automatic initiation of
the EDG to restore.

or feedwater system piping failure with
Loss of Offsite Power (LOOP).

NOTE: Issues have been identified
where at least one of the Emergency
Diesel Generators could be adversely
impacted by the postulated HELB and
was not previously protected against.

The preferred plant power source is always
the normal offsite power supply, as defined
in Regulatory Guide 1.9 and associated
standards, including |EEE 308-1980,
"Criteria for Class 1E Power Systems for
Nuclear Power Generating Stations."

1.5.3 EDG Component Selection

Each emergency diesel generator is one of
the most unique and complex "support
systems" found within a nuclear power
plant. The EDG is itself an independent
miniature power plant serving critical safety
equipment within the much larger facility.

Figure 1-1 "Diesel Generator Systems"
on the following page is from RG 1.9 and
illustrates an EDG system, including most
of its support systems. The selection of
EDG's to serve as independent, redundant,
power sources for nuclear power plant

emergency systems involves evaluation of
the following major components, support
systems, and circuits:

Generator: Serving as the interconnected
emergency electrical source, the generator
follows (responds to) the electrical load
demands placed on the ESF bus. Major
components of generators are:

e Generator housing and stator

e Generator rotor and exciter

e \oltage Regulator

e EDG emergency trip controls and relays

Diesel Engine: Most of the diesel engines
installed at current nuclear power plants
were selected using guidance of the Diesel
Engine Manufacturers Association (DEMA).
Their "Standard Practices for Low and
Medium Speed Diesel and Gas Engines,
DEMA-1972, was the 6" edition of this
standard, which has not been actively
updated since.

As the prime mover, the diesel engine
follows (responds to) both the steady state
and transient load demands applied to the
generator. Its major components and
systems are:

e Governor

e Starting System (air or electric)

e Fuel Oil Delivery System

e Combustion Air Intake

e Exhaust System

e Lubrication System

e Cooling (Jacket Water) System

e Crankcase Ventilation

e EDG start logic controls and relays
e Emergency run controls and Relays

Rev 1/11

1-11 of 12

USNRC HRTD



Diesel Generators as Emergency Power Sources

Emergency Diesel Generator

swa)sAg Jojeiauan |9salq |-} 9inbi4

welsAg Alddng
Jayepn Buljoon

Aiddng
pue abelio)g
1O [end
waysAg Jojenbay wosAS Jorem Aiddng pue weishAs
abejjoA walshg Buijoon pue WIBISAS 1y wolsAg uone|uap pue
pue Jsjiox3g IO [en4 lalep, 19x0er uonsnquioy Buiels Ay Bujjoon
m weishs
uole[iuap
HOLVHINIO Iuldbug |9said bl
# wajshg
walshg WBISAg [011U0D wielsAg uonoa10Id
d3aMv3da A 1sneyxy pUE 10UlanQK) uonesugn pue |0Ju0D)
a3
Arepunog walsAg Jojesauar) |9saiq Aousblaw g
walsAg
» uonnguisig Jamod
Qv 3l sse|D 21110913

USNRC HRTD

1-12 of 12

Rev 1/11




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


